Abstract Benign breast disease increases the risk of breast cancer. This association has scarcely been evaluated in the context of breast cancer screening programs although it is a prevalent finding in mammography screening. We assessed the association of distinct categories of benign breast disease and subsequent risk of breast cancer, as well as the influence of a family history of breast cancer. A retrospective cohort study was conducted in 545,171 women aged 50-69 years biennially screened for breast cancer in Spain. The median of followup was 6.1 years. The age-adjusted rate ratio (RR) of breast cancer for women with benign breast disease, histologically classified into nonproliferative and proliferative disease with and without atypia, compared with women without benign breast disease was estimated by Poisson regression analysis. A stratified analysis by family history of breast cancer was performed in a subsample. All tests were two-sided. The ageadjusted RR of breast cancer after diagnosis of benign breast disease was 2.51 (95 % CI: 2.14-2.93) compared with women without benign breast disease. The risk was higher in women with proliferative disease with atypia (RR = 4.56, 95 % CI: 2.06-10.07) followed by those with proliferative disease without atypia (RR = 3.58; 95 % CI = 2.61-4.91). Women with nonproliferative disease and without a family history of breast cancer remained also at increased risk of cancer (OR = 2.23, 95 % CI: 1.86-2.68). An increased risk of breast cancer was observed among screening participants with proliferative or nonproliferative benign breast disease, regardless of a family history of breast cancer. This information may be useful to explore risk-based screening strategies.
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Introduction
One of the most important risk factors for breast cancer is a previous diagnosis of benign breast disease [1] [2] [3] . Benign breast diseases are commonly classified as nonproliferative disease, proliferative disease without atypia, and proliferative disease with atypia [4] [5] [6] . A high risk of cancer has been observed for all three histological categories, but is particularly high for proliferative lesions, especially those with atypia [2, [7] [8] [9] . Although the risk is lower for nonproliferative lesions, they account for most diagnoses of benign breast disease [2, 8, 10] .
To our knowledge, there are few studies on nonproliferative lesions [2, 9] , and none have studied the relationship between benign breast disease and breast cancer within a cohort of screened women from the general population. The study by Hartmann et al. [2] was based on a cohort of women with benign breast disease from the Mayo Clinic and compared breast cancer rates with those in the general population. Wang et al. [9] used data from a breast cancer prevention trial that included women at high risk of the disease.
Although the widespread use of mammography screening has increased diagnoses of benign breast disease, no specific recommendations have been made for surveillance, except for women with atypias, who are usually recommended to undergo surgical excision [11] . In most screening programs, women with nonproliferative disease or with proliferative disease without atypia are recommended to follow the same screening strategy as women with negative mammograms (which is to continue screening). Studies performed in the screening context may be of interest to assess whether the use of different screening strategies according to the histological classification of benign breast disease could improve the effectiveness of screening.
The role of a family history of breast cancer among women with different categories of benign breast disease remains controversial. Some authors have reported that a family history of breast cancer increased the risk of cancer for all histological categories [12] , but others have refuted an increased risk for atypias [13] . In fact, Hartman et al. [2] observed an increased risk of cancer in women with nonproliferative disease only when there was family history of breast cancer.
We aimed to explore the association of benign breast disease and subsequent risk of breast cancer according to the histological classification, as well as the influence of a family history of breast cancer on this risk. This is the first study performed in the context of population-based mammography screening that compares the risk of cancer in women with and without benign breast disease from the same cohort.
Methods

Setting and study population
The study was conducted in a cohort of women screened in Spain between 1994 and 2011 and followed up until December 2012. The government-funded Breast Cancer Screening Program in Spain provides free breast cancer screening to all women aged from 50 to 69 years every 2 years. The program started in 1990 and was gradually implemented in different regions, becoming nationwide in 2000. Information from 549,422 women with at least one screening mammogram was obtained for this study. The study protocol was approved by the institutional review boards at all participating institutions. Informed consent was not required since our analysis was based on anonymous retrospective data.
Population-based breast cancer screening in Spain follows the recommendations of the European Guidelines for quality assurance in breast cancer screening and diagnosis [11] , and its results meet the required standards [14] . The standard procedure for radiological performance in Spain is double projection (mediolateral-oblique and craniocaudal views) and double reading with consensus or arbitration, using the Breast Imaging Reporting and Data System (BIRADS) scale to rate the probability of cancer.
Screening procedures and cancer identification
Women with screening mammograms scored with BIR-ADS 3, 4, 5, or 0 are recalled for further assessments within a maximum of 2 months after the screening test to confirm or to rule out malignancy. Further assessments may include imaging procedures (additional mammography, ultrasonography, and magnetic resonance imaging) and/or invasive procedures (fine-needle aspiration, core-needle biopsy, and open biopsy) (hereafter referred as ''biopsies''). If the further assessments rule out malignancy, women are invited to regular screening in 2 years.
Cancers detected at regular screening and interval cancers were included in the analyses. Interval cancers (primary breast cancers diagnosed after a negative screening test and before the next screening invitation) were identified by merging data from screening participants with populationbased cancer registries, the regional Minimum Basic Data Set, and hospital-based cancer registries. Both invasive and in situ carcinomas were considered in this study.
Benign breast disease
All biopsies were examined and classified by hospital pathologists in each screening setting. Following the criteria of Page et al. and Dupond et al. [4, 6] , and subsequent consensus in a conference of the College of American Pathologists [5] , each diagnosis was classified into one of three risk categories: (1) nonproliferative disease; (2) proliferative disease without atypia; and (3) proliferative disease with atypia. The histological entities and the number of lesions corresponding to each group are shown in Table 1 . Fibroadenoma, cysts, fibrosis, and microcalcifications were classified as nonproliferative disease. Biopsy specimens with ductal or lobular hyperplasia and benign breast tumors were classified as proliferative disease without atypia. Atypias and phyllodes tumors were classified as proliferative disease with atypia. If there was more than one diagnosis per biopsy or bilateral disease, we selected the biopsy with the highest grade.
Biopsies with indeterminate histological classification, for example, 'negative for malignant cells' or 'benign' (n = 4,251), were excluded from the analysis because they could not be classified in any of the abovementioned categories. Most of these biopsies with indeterminate classification came from fine-needle aspiration cytology.
The location of both benign breast disease and breast cancer was also collected. Two possible situations were considered: ipsilateral (when the benign breast disease and breast cancer were in the same breast), or contralateral (if they were in different breasts).
Family history of breast cancer
Information on the first-degree familial history of breast cancer was obtained from a face-to-face interview at each screening mammogram. This information was available in 6 out of 8 screening settings included in the study (in 413,873 women), representing 75.9 % of the women included in the analyses.
Statistical analyses
We compared screened women with a diagnosis of benign breast disease with screened women without this diagnosis. Breast cancer rates were calculated based on person-years at risk in both groups. Women contributed person-years at risk to the negative group (designated as women without benign breast disease) from their first screen until censoring, end of follow-up, or until a diagnosis of benign breast disease. Women contributed person-years at risk to the benign breast disease group from the first benign breast disease diagnosis until censoring or end of follow-up. Women were censored at breast cancer diagnosis, at 30 months after the last mammogram, or at the end of follow-up on December 31, 2012, whichever occurred first. We extended the follow-up to 30 months after the last screening mammogram because we actively monitored the occurrence of interval cancers. We fitted crude and age-adjusted Poisson regression models using a robust error variance [15] , which assumed the log link and included log time as an offset variable. We estimated the rate ratio (RR) and the 95 % confidence intervals (95 % CI) of breast cancer for women with nonproliferative disease, proliferative disease without atypia, and proliferative disease with atypia compared with women without benign breast disease. We performed a stratified analysis by family history of breast cancer for the subset of women with available information on this variable. To guarantee sufficient statistical power, we considered proliferative disease (including lesions with and without atypia) and nonproliferative disease as histological categories. The interaction between benign breast disease and a family history of breast cancer was tested by using the likelihood ratio two-sided test.
For women with benign breast disease who subsequently developed breast cancer, we examined the occurrence of ipsilateral and contralateral breast cancer. Finally, we plotted the time, in years, from the first screening mammogram (for women without benign breast disease) or from the diagnosis of benign breast disease to the breast cancer diagnosis.
The analyses were performed using SPSS (v.12) and STATA (v.11). P \ 0.05 were considered statistically significant.
Results
Overall, 545,171 women were included in the analysis, after exclusion of 4,251 biopsies with indeterminate histological classification. From their first screen, the women accumulated 3,583,413 person-years at risk, with a median follow-up of 6.07 years. Of 6,671 breast cancers, 158 were diagnosed in women with previous benign breast disease. Distribution by age groups revealed a higher proportion of women aged 50-55 years without benign breast disease, whereas the proportion of women aged 65-70 years was higher for those with any kind of benign breast disease (P \ 0.001). The highest percentage of women with a family history of breast cancer was found among women with proliferative disease with atypia (13.6 %; P \ 0.001).
From women with available information on family history of breast cancer, 71 % were women with nonproliferative disease and without family history of breast cancer, Table 2 . The age-adjusted RR of breast cancer after diagnosis of benign breast disease was 2.51 (95 % CI: 2.14-2.93) ( Table 3 ) compared with women without benign breast disease. Nonproliferative disease showed a RR of 2.23 (95 % CI: 1.86-2.68), whereas proliferative disease with and without atypia showed a RR of 4.56 (95 % CI: 2.06-10.07) 3.58 (95 % CI: 2.61-4.91), respectively. We replicated the analysis by including all biopsies negative for malignancy, even those with indeterminate histological classification. This replication revealed that the risk of breast cancer remained significantly increased (data not shown).
The increased risk of breast cancer was statistically significant for both proliferative and nonproliferative disease, regardless of a family history of breast cancer (Fig. 1) . Notably, the risk of breast cancer remained increased for women with nonproliferative disease without a family history of breast cancer (OR = 2.32, 95 % CI: 1.86-2.89). A family history of breast cancer increased the risk of subsequent breast cancer in proliferative disease (RR = 7.11, 95 % CI: 3.04-16.62 and RR = 3.70, 95 % CI: 2.70-5.33, for women with and without a family history of breast cancer, respectively) but the P value for interaction was not statistically significant (P = 0.448).
Almost 60 % of tumors that arose after benign breast disease were ipsilateral to the prior benign breast disease (Table 4 ). This percentage increased for proliferative disease with atypia, although the number of cases was small.
We observed a linear trend in cancer diagnosis after benign breast disease, with 25 % of cancers appearing within 2 years after the benign breast disease, 50 % within 5 years, and 75 % within the next 7 years (Fig. 2) . For women without benign breast disease, the interval between the first screening test and cancer diagnosis followed a similar pattern.
Discussion
In this study, we analyzed data from 545,171 women screened biennially from 1994 to 2011 in the populationbased screening program in Spain. For the first time, the relationship between benign breast diseases detected within the framework of mammography screening and the subsequent risk of breast cancer was explored, taking as a reference group all screened women without benign breast disease. We found that women with screen-detected benign breast disease had a more than two-fold risk of breast cancer compared with women without. The histological appearance of benign disease was strongly associated with the risk of breast cancer, and both nonproliferative and proliferative lesions without atypia were also associated with this risk. Notably, the risk of breast cancer remained increased in women with nonproliferative lesions even through there was no family history of breast cancer. Women with proliferative disease with atypia had a RR for breast cancer of 4.56. The risk was lower for women with proliferative lesions without atypia (RR = 3.58) and nonproliferative lesions (RR = 2.23). In line with the results in other contexts [2, 8, 10] , the current findings provide further evidence of the importance of nonproliferative disease and proliferative lesions without atypia, Fig. 2 A Time distribution (years) of progression from benign breast disease to breast cancer. B Time distribution (years) from first screen to breast cancer in women without benign breast disease since these two categories accounted for more than 95 % of diagnoses of benign breast disease in our setting.
The relationship between benign breast disease and the risk of cancer is well documented in the clinical context [2] [3] [4] [6] [7] [8] [9] . Adding to previous studies, we analyzed this relationship in the framework of population-based screening and therefore in the asymptomatic population. In comparison with our results, Hartmann et al. [2] reported a similar risk for atypias, but a somewhat lower risk for proliferative disease without atypia and nonproliferative disease. This difference could be explained by the inclusion of younger women in Hartman's study, while the current study included the target population for breast cancer screening, i.e., women aged 50-69 years, which could be expected to include a large percentage of menopausal women. This idea is supported by a previous study observing that the risk of breast cancer for women with nonproliferative disease was greater among postmenopausal women [9] . Comparison with other studies is difficult because women with nonproliferative diseases are often used as a referent group [7, 8] .
In the current work, a family history of breast cancer increased the risk of cancer in women with proliferative disease, in agreement with previous studies [2, 3, 6, 9, 12] , but this increase was not statistically significant. Contrasting with others studies [2] , however, we found that the risk of cancer in women with nonproliferative disease remained significantly increased even for those without a family history of breast cancer. This finding is important because this subset encompasses most women with benign breast disease. In the new paradigm of breast cancer screening strategies based on individual risk of breast cancer, the current results suggest that women with proliferative disease and a family history of breast cancer would be candidates to receive more intensive screening.
We observed that 60 % of cancers were ipsilateral. This finding supports the idea of progression from benign breast disease to breast cancer, especially for atypias. Atypias are the best-characterized premalignant lesions [16] [17] [18] , and excision is recommended by breast cancer management guidelines for most these lesions [11] . Nevertheless, the findings on progression should be interpreted with caution because of the small number of cases and the lack of information on the specific location within the breast. Importantly, 40 % of cancers were contralateral to the prior benign breast disease, suggesting that a large percentage of benign lesions may be risk markers rather than precursors of subsequent cancer.
The time from benign breast disease to diagnosis of breast cancer was almost constant during the follow-up, and was very similar to the time from first screen to cancer diagnosis in women without benign breast disease from the same cohort. As expected, most cancers were diagnosed at regular screenings (i.e., every 2 years). In agreement with prior studies [19, 20] , these results suggest a small misclassification of biopsies falsely deemed benign instead of malignant, and consequently with little impact on cancer risk estimation. Moreover, these results support the need for women to attend regular screening over time.
The strengths of the current study include its cohort perspective, its performance within the framework of a nationwide and established population-based screening program, and the use of women from the same cohort without a diagnosis of benign breast disease as a reference group. Reliable risk estimates for histological categories of benign breast disease within the framework of population-based screening are crucial to evaluate the risks and benefits of different decision-making strategies aiming to improve the effectiveness of screening. In view of our results, more intensive screening surveillance in women with proliferative disease and a family history of breast cancer would maximize early cancer detection in women at high risk. Nevertheless, risks and benefits should be estimated at the population level that may suppose a change in the screening protocols. Irrespective of this consideration, all women with benign breast disease, with or without a family history of breast cancer, should be informed that they have an increased risk of breast cancer and should be encouraged to return to screening.
Our study has some limitations. First, although data were drawn from a database including more than 500,000 screened women, the occurrence of cancer after benign breast disease is fairly infrequent, and therefore, the sample size was not enough to allow stratified analyses to be performed by family history and the three categories of benign breast disease. Second, our analyses were restricted to those cases with histological information, because our aim was to assess the risk associated with each category. This restriction reduced the sample size but ensured the quality of the histological classification in included cases. Third, we did not include tumor-related information and the specific location of lesions within the breast. This information would enrich our findings and would be required to obtain a complete picture of the relationship between benign breast disease and cancer. Finally, the association between proliferative disease with atypia and cancer may have been somewhat underestimated, as excision of benign breast disease is recommended in cases of atypical ductal hyperplasia and lobular intraepithelial neoplasia [11] .
In conclusion, our results show a strong association between benign breast disease and subsequent risk of cancer during screening participations. Histological appearance was markedly associated with this risk. The risk of cancer remained significantly higher in women with nonproliferative disease without a family history of breast cancer. This information emphasizes the different risk profiles among screening participants and supports the need to explore more personalized screening approaches.
